Abstract-User experience (UX) is a quality aspect of an application that considers the emotions evoked by the system. There are several types of UX evaluation methods, such as scales, interviews, user monitoring, among others methods. However, there is still not enough information regarding if and in which contexts these methods are more suitable. This paper focuses on finding more information about the feasibility of applying scaletype methods for the UX evaluation in interactive systems. Thus, we carried out a UX evaluation on the Edmodo educational mobile application employing two scale-type methods: AttrakDiff and Hedonic Utility Scale. These methods were chosen after a selection process applying inclusion and exclusion criteria. The results indicate that it is possible to evaluate the quality of an application at a low cost. However, it is necessary to adapt these methods to provide a more complete report of the UX, allowing users to subjectively report their experiences and, consequently, identify the issues that affected the UX.
INTRODUCTION
Technological evolution has enabled the emergence of new interaction paradigms, new technologies and new types of software [1] . This evolution has changed the way users interact and perceive interactive products. Hassenzahl and Tractinsky [2] have identified that pragmatic factors such as functionality and usability are not enough to satisfy the desire of customers seeking innovative products and products that meet their expectations. According to Bargas-Avila and Hornbaek [3] , usability is too focused on the efficiency and the accomplishment of tasks, with a need for more comprehensive notions of quality. As a result, User eXperience has emerged as a concept of quality of use that, besides involving the aspects mentioned above, covers hedonic qualities or emotional aspects resulting from the use of an application [3] .
Several UX evaluation methods have been proposed in the literature. Vermeeren et al. [4] carried out a survey on the UX evaluation methods used in the academy and in industry and identified 96 methods. Despite the large number of methods, there is a need to verify their applicability with regards to the resources, required skills to apply them, and the perceived ease of use of these methods [3] . This paper presents a comparison between two scale-type methods and the indications of their feasibility in the context of evaluating a mobile educational application called Edmodo. The UX evaluation of Edmodo was suggested by a University that was analyzing the possibility of using educational technologies in the classroom. Considering that UX is one of the aspects that can impact the acceptance of adopting teaching and learning technologies [5] , we decided to carry out a UX evaluation to verify if Edmodo evoked a positive UX in its mobile version.
In order to select the UX evaluation methods, we carried out a selection process by means of inclusion and exclusion criteria, which resulted in two scale-type techniques: AttrakDiff [7] [16] and the reduced form of the Hedonic Utility Scale (HED/UT) [8] . We compared these methods in terms of usefulness and ease of use, raising information to verify their feasibility for assessing mobile applications. The results allowed us to identify the positive and negative aspects of the methods employed, besides presenting opportunities for improvement in the application.
The remainder of this paper is organized as follows. Section II presents concepts related to UX. Section III describes the use of UX evaluation methods presenting the evaluated application, the selection process and the study carried out. Section IV presents the results obtained in this study and the discussions. Finally, Section V concludes the paper.
II. BACKGROUND ISO 9241-210 [9] defines UX as "person's perceptions and responses that result from the use and/or anticipated use of a product, system or service." Hassenzahl and Tractinsky [2] suggest that UX is a consequence of the user's internal state (predispositions, expectations, needs, etc.), the characteristics of the projected system (complexity, usability) and the context where the interaction occurs (organization, users, among others).
UX evaluation plays an important role in the development of interactive applications. Through the UX evaluation it is possible to identify how users apply, perceive and learn these applications, allowing the applications to evolve and adapt to user's expectations [10] . Thus, it is possible to identify potential problems in the use of applications and their causes, as well as to obtain suggestions for their improvement. There are several methods for evaluating UX, which can be categorized into three types [11] : (i) written report, which consists of the evaluation of the experience through scales, forms and questionnaires; (ii) oral report, in which participants report their experiences through interviews or verbal methods; and (iii) observation/monitoring, in which participants are observed or use sensors to monitor their responses while perform activities related to the use of the system.
Written reporting methods, such as scale-type methods, have been widely used due to their low cost, ease of use, and the possibility of collecting data from both positive and negative experiences [12] . Examples of this type of method are questionnaires that use scales with semantic differentials, i.e., scales composed of pairs of words that are opposing adjectives, such as "simple/complicated" and "pleasant/unpleasant". However, there is little information regarding the positive and negative aspects of these methods. Table 1 presents the goal of the study according to the GQM (Goal Question Metric) paradigm, which allows to define and evaluate objectives in the stage of goal setting [13] . The UX problems were verified through the number of tasks performed successfully in Edmodo as well as through difficulties experienced by the participants. The utility, ease of use and intention to use the methods were obtained through the TAM3 (Technology Acceptance Model) [14] .
III. APPLYING USER EXPERIENCE ASSESSMENT METHODS

A. Goals and Metrics
B. UX Method Selection Process
We applied the selection process on the UX evaluation methods list identified by Rivero and Conte [11] , seeking to identify UX evaluation methods for mobile applications. This selection process consisted of two refinement steps.
The first refinement was based on the criteria described in Table 2 . For each criterion, there is a description of what was considered for the exclusion. First, we considered only the methods available for consultation (EC2). After, we applied the other exclusion criteria, resulting in a set of 18 UX evaluation methods. The detailed specification of the criteria used for exclusion can be found in the technical report [6] 1 http://www.allaboutux.org/all-methods 
Criteria Description EC1 (Type of method)
Methods characterized only as tools.
EC2 (Availability)
Methods not available for free or unavailable.
EC3 (Data source)
Methods whose data sources are not provided by users.
EC4 (Location)
Methods whose application is not possible in controlled environments.
EC5 (Type of Assessed Product)
Methods that cannot be applied to mobile app evaluation.
EC6 (Type of Assessed Artifact)
Methods whose evaluated artifact are not functional prototypes or final applications.
EC7 (Assessed Period of Experience)
Methods whose UX evaluation occurs before or during the use of the system. Among the 18 selected methods, we queried each method in the AllAboutUX 1 Website in order to carry out the second refinement. This website presents, for each method, their characteristics and what is needed to use them. Some methods, such as the "Group-based expert walkthrough" [15] requires UX experts to be applied. Given that the UX of Edmodo would be assessed by users and not experts, we discarded methods that require experts to evaluate. We also discarded those developed for specific contexts, such as the "Attrak-Work Questionnaire" method [16] , which was developed for the context of news and journalism. At the end of the second refinement, we selected three methods: AttrakDiff [7] [16], Hedonic Utility Scale (HED/UT) [8] and Self-Assessment Manikin (SAM) [17] .
We carried out a pilot study using the three selected methods to verify the data collected by each method and the outcomes that each one generated. The results indicated that SAM is a method that evaluates only the hedonic aspects of the experience, thus it would be unfair to compare it with AttrakDiff or HED/UT, which assess both pragmatic and hedonic aspects of the user experience. Thus, at the end of this process, we selected the AttrakDiff and HED/UT methods.
The AttrakDiff method consists of 28 pairs of words that evaluate pragmatic, hedonic and attractiveness aspects, whereas the HED/UT method, in its reduced form, consists of 12 pairs of words that evaluate the pragmatic and hedonic aspects. Regarding HED/UT, we applied its reduced version because the results obtained in [8] showed that its 12 pairs of words are sufficient to verify the quality, making it viable to measure the UX. The pairs of words of both methods are organized on a seven-point scale, in which the participant performs the UX evaluation by marking the closest point to the adjective that best characterizes his experience of use (see Figure 1 ).
C. Evaluated Mobile Application
We decided to evaluate the Edmodo application due to the university's suggestion to address its feasibility, while no studies related to the UX evaluation of this application were found. Edmodo is a Learning Management System (LMS) created in 2008 to manage learning activities. Its popularity among educational institutions has risen and it has more than 80 million users and more than 50 million downloads in its mobile version.
The evaluation of LMSs is a critical issue, as it can affect students' performance, making them spend more time trying to understand how to use these environments than learning the educational content [18] [19] . 
D. Execution
We conducted the study with 38 volunteer students from the Federal University of Amazonas, who participated in an Introduction to Computing class. This class was partially online and used an LMS in the teaching/learning process.
For the execution of the study, we accommodated the participants in a laboratory and divided them into two groups, balanced according to their previous experience with the Edmodo app. One group used the AttrakDiff and the other group used HED/UT (details in the technical report [6] ).
Initially, participants received a Consent Form, and then, they received: (a) a form for reporting their difficulties when using Edmodo, (b) the AttrakDiff and HED/UT, (c) the TAM3 questionnaire, and (d) a questionnaire with open questions related to the use of the UX evaluation methods.
Before performing the UX evaluation, we made a brief explanation about Edmodo and its functionalities. After, we asked the participants to download the application. All the participants used Android or iOS devices, in which a prior check was made to ensure that the execution flow of the activities in the application would not be changed.
After explaining the application, the participants received a schedule of activities. According to Nielsen [20] , the basic rule for selecting a set of activities is that it must be chosen in such a way that they are as representative as possible. Thus, this script consisted of the following activities: (i) create a student account in Edmodo and enter the group through the access code, made available by the moderators during the study, (ii) update the profile photo, (iii) access the group library and download a file for reading, (iv) answer an activity containing two questions related to the text of the downloaded file and (v) attach a file and send it to the teacher.
At the end of the activities, the participants received a form about the difficulties encountered during the interaction with Edmodo in order to better understand the quantitative results of the UX evaluation. Then, each group received a UX evaluation method, in which each participant was instructed on how to perform the evaluation. The form about the difficulties and the number of tasks performed successfully in Edmodo was verified in order to identify the UX problems.
As the participants finished evaluating the application, they received the questionnaire based on the TAM3. The TAM3 is a model used to verify the acceptance of a technology that, among other dimensions, considers utility, ease of use and intention to use. Participants were instructed to use this questionnaire to evaluate the UX evaluation method they used. We also attached to the TAM3-based questionnaire, a questionnaire containing five open questions related to their experiences with the UX evaluation method in order to better understand the aspects that made each method easy or difficult to use.
IV. RESULTS AND DISCUSSIONS
In order to make the comparison possible, we tried to equate both methods, since they evaluate the UX in different dimensions. AttrakDiff evaluates UX in four dimensions: Pragmatic Quality (PQ), Hedonic Quality/Stimulus (HQ/S), Hedonic Quality/Identity (HQ/I) and Attractiveness (ATT), while HED/UT evaluates two dimensions: Utility, which corresponds to the Pragmatic dimension, and Hedonic.
Given that the pragmatic dimensions of both methods are equivalent (evaluate the same experiences), we searched for definitions that qualified what was evaluated in the hedonic dimension of each method to verify if they were equivalent. According to Voss et al. [21] , the hedonic dimension of HED/UT is the result of sensations derived from the experience of using products. According to Väätäjä et al. [16] , the HQ/S dimension of AttrakDiff is related to personal development, that is, curiosity, personal growth, skill development, and the proliferation of knowledge, i.e., feelings and sensations caused by the use of the application. Thus, the AttrakDiff HQ/S was considered equivalent to the HED/UT hedonic dimension. Thus, we considered only the Pragmatic and QH/E dimensions of AttrakDiff, and the Utility and Hedonic dimensions of HED/UT.
To compare the methods, we organized the data by factors. Factor 1 relates to the pragmatic dimension, while Factor 2 represents the hedonic dimension. The following subsections describe the results of the UX evaluation of Edmodo and the results regarding the methods used to evaluate the its UX. Table 3 presents the score for each Factor per method. According to Distefano et al. [22] , when Factors are not defined by the same number of items, which is the case of the Factors of both methods, it is recommended to calculate the mean, making it possible to compare them with each other. The mean is also recommended by Sullivan and Artino Jr [23] when measuring less concrete concepts, such as satisfaction, where a single research item is not likely to capture the assessed concept completely. In order to obtain the Factor's scores, first we calculated the mean of each participant's scores per Factor. This mean was based on the score given by each participant in each item of the method's dimension. Then, we obtained the score of each Factor through the mean of the scores of each previously calculated participant.
A. Results and Analysis of the UX Evaluation on Edmodo
Regarding Factor 1, the scores indicate that participants who evaluated UX using the HED/UT evaluated more positively the experience regarding the ease of use of Edmodo compared to those using AttrakDiff. Given that the scale ranges from 1 to 7, the UX would be positive if the scores were greater than or equal to 5. Thus, the results indicated that the participants considered that Edmodo provides a positive UX, since the lowest score was close to 5. Regarding Factor 2, the group that used AttrakDiff felt it neutral, i.e., Edmodo was not considered bad, but it did not stimulate users so much. It indicates that Edmodo needs to implement improvements to stimulate and captivate users. The group that used HED/UT considered Edmodo's UX positive. The responses provided by the participants in the form about the difficulties faced when using Edmodo reflected these scores. From a total of 38 participants, 18 reported having had difficulty finding the group's Library in Edmodo. This is a problem that affects the use of the application, being reflected in the UX evaluation, where most participants considered that Edmodo is very technical (AttrakDiff) and impractical (HED/UT). Other problems were also pointed out, such as the mix of words in Portuguese and English on the interface. These problems were only possible to be identified through the form on the difficulties faced in Edmodo, because the scales do not allow to identify the problems that affected the UX in this level of specification.
B. Results Regarding the UX Evaluation Methods
In order to verify the participants' perception regarding the usefulness, ease of use and intention to use, we applied the TAM3-based questionnaire. We used the median as a statistically significant measure for ordinal scales [24] with the same number of items. Table 4 shows the description of the items that compose each of the dimensions evaluated by TAM3. 
Description of the items on "Perceived Usefulness" (PU) PU1
Using the method improves my performance by reporting my experience with the application.
PU2
Using the method improves my productivity by reporting my experience with the application.
PU3
Using the method allows me to fully report the aspects of my experience.
PU4
I find the method useful for reporting my experience with the application. Description of the items on "Perceived Ease of Use" (PEOU) PEOU1 The method was clear and easy to understand. PEOU2 Using the method did not require much mental effort. PEOU3 I think the method is easy to use.
PEOU4
I find it easy to report my experience with the application using the method. Description of the items on "Intention to Use" (IU)
IU1
Assuming I have access to the method, I plan to use it to evaluate my experience with an application.
IU2
Given that I have access to the method, I predict that I would use it to evaluate my experience with an application.
IU3
I plan to use the method to evaluate my experience with an app next month. Table 5 shows the median values for each TAM3 item. Based on these data, we verified the items that had some variation, since these indicate which of the methods was better.
The items that had variations were PU2, PEOU1, PEOU4 and IU2. These items show that HED/UT had a better perception regarding AttrakDiff by the participants, indicating that short methods improve productivity (PU2), methods that use less formal terms are easier to use (PEOU1 and PEOU4), and these aspects influence intention to use (IU2). The results of the questionnaire with open questions about the UX evaluation methods indicated some opportunities for improving them. In both methods, some participants reported that they were not able to express their experiences of use only through the scales. The methods do not allow them to write the problem that affected the UX, or in which part of the application they consider that there should be improvements, which indicates a limitation of the methods evaluated. One possibility of improvement would be, for example, the addition of a field so that the participant can report the difficulties that were not possible to be described only with the scales.
"I cannot describe the experience I had" -P08 (HED/UT).
"Not being able to express [the experience] in a more justified way" -P05 (AttrakDiff).
Regarding AttrakDiff, the participants reported the difficulty in understanding some terms, considering them formal (see quote from P12). This may impact the UX report, since the participant can point out in any way when evaluating. The results of Table 5 showed that HED/UT had a better perception of users than AttrakDiff, because it used less formal terms. This could be an indication that terms that are used daily by users must be used instead.
"[There were] some formal words that I did not know what they meant" -P12
Regarding HED/UT, some participants indicated that the available options were insufficient to evaluate the experience satisfactorily (see quote from P02). Others reported that just having to point out an "X" makes the method simple and easy (see quote from P03).
"Only more options to point out" -P02
"It's simple and easy" -P03 Thus, there are some gaps with regards to the methods used in the study. Based on the reports, scale methods should be complemented with questionnaires or a comment field, allowing the evaluator to describe the difficulties faced and what aspects were enjoyable when using the application. The lack of these fields makes it difficult to implement improvements in the evaluated application, since it is possible only to know that the application needs improvements, but not which problems users have faced. In addition, it is recommended to use less formal terms, in order to make the method more comprehensible, as shown in Table 5 .
V. CONCLUSIONS
Performing a UX assessment is important for gaining enduser insight about a particular application. In this paper, we showed that the use of scale-type methods allows to perform the UX evaluation quickly, not making the evaluation process tiring for the user. In addition, few resources are required to evaluate the quality of an application, reducing the cost of evaluation, which makes the use of these methods attractive.
However, this type of method has the limitation of not collecting qualitative data of the evaluation, i.e. the subjective information that describes the difficulties encountered by the users and that could point out the problems of the evaluated application. This may indicate that only using scale-type methods may not produce such detailed results, making it difficult to precisely identify which aspects affected the UX during the use of the application. For a holistic assessment, complementation of the scales with the open questions was positive, making it possible to obtain the positive aspects and the aspects that need to be improved in the application.
The results of the UX evaluation showed that Edmodo has a positive UX and that it can be used by teachers as a tool to support the teaching/learning process. However, some improvements are needed, such as facilitating the access to the library and fixing the mix of languages on the interface. By doing this, the application can have a greater acceptance and become easier and more enjoyable to use, important aspects to have a competitive advantage over other applications.
We hope that the results from this study contribute to the development of UX evaluation techniques that make use of the positive aspects found in the scale-type methods and that provide the negative aspects, such as the lack of a field where the participants can detail their experiences, to obtain a more complete and detailed UX report. In addition, we hope that suggestions for improvements can contribute to the improvement of the Edmodo application.
